is an open source computer program working on the basis of finite element method (FEM) which is aimed to model and simulate large deformation in rubber materials. The kinematics of large deformation on the basis of the Total Lagrange framework is applied to linear 4-nodes tetrahedral element and then solved with Newton-Raphson iterative scheme. Furthermore, to obtain the material tangent stiffness directly from strain energy density functions, the Gill-Murray theory of numerical second derivative is used in LD-FEM. Finally, by using the Mooney-Rivlin strain energy function, the performance of LD-FEM is addressed for uniaxial tensile, shear and torsion loading tests. The results confirm the capability of LD-FEM to capture nonlinear behavior of the large deformation either with analytical or numerical approach on the material stiffness derivation with error less than 2%.
of solid element type, material model, boundary condition and linear solver. The remaining subroutines are dedicated to perform specific tasks such as matrix algebra operations and finite element formulation.
The PRE_SOLID_FSFEM () collects the input parameters for simulation e.g., nodal, and element properties, material properties, boundary condition, and number of load increment, using an input file called "PreGMesh_3D.msh". This subroutine can be further modified to control the simulation process, e.g., type of rubber or soft tissue material models. As the visualization tool, LD-FEM uses open source graphical user interfaces (GUI) software called Gmsh [8] .
The main subroutine in LD-FEM is called NONLIN_SOLVING () which is responsible for performing Newton-Raphson iteration scheme. It contains four supporting subroutines namely LOAD_SOLID_FSFEM (), TET4nodes (), CONSTRAINT_SOLID_FSFEM () and SOLVER (). While functions of each this subroutine are detailed in Table 1 , calling procedure of these is depicted in Figure 1 . The last subroutine namely POST_SOLID_FSFEM () provides a particular data for post-processing activities in the Gmsh. Here, it contains mainly node and element data from the pre-processing unit with additional data, i.e., deformation history with respect to load increment, coming up from the calculation process.
LD-FEM uses Newton-Raphson iteration scheme implemented in the NONLIN_SOLVING (). While the underlying finite element formulation will be explained briefly here, its detail derivation can be found in literatures such as [9] and [10] . The scheme is dedicated to solve the residual finite element vector r over a body volume of V in the Total Lagrange framework x as
FT f x (1) where ν , F and T are the virtual displacement, deformation gradient and the 2nd-Piola Kirchoff stress. The external force vector ext f is applied in the element node. By using load control method, the residual is derived with respect to each component of deformation gradient to obtain the incremental equation as
with  as incremental vector in the global reference coordinate x .
Shortly, evaluating (2) yields
where M T and M F are two special matrices containing the component of 2ndPiola Kirchoff stress T and deformation gradient F , respectively. Note that the material stiffness can be found in M T by assuming similar relationship between modulus of elasticity and strain in the small deformation theory. Formula in (3) is applied for linear 4-nodes tetrahedral element as depicted in Figure 2 . Using parametric coordinate  ,  ,  , the linear shape functions N can be represented as 1
x , y , z 
Subtitution of (4) and (5) to (2) gives the required final incremental equation for the programming task as
and
NUMERICAL EVALUATION OF MATERIAL STIFFNESS
In order to numerically evaluate the first and second derivatives of strain energy density function W( ) C the Gill-Murray method [11] is implemented here. The first derivatives of the strain energy function with respect to each component in the right Cauchy deformation gradient matrix C is known as the true stress ij  , i.e.,
where  is the scalar perturbation parameter. Note for this section, the double indices, i.e., 'ij', 'kl' and 'mn', refers to row and column wise direction in a square matrix. With (9) in hand, the second derivatives of W( ) C can be evaluated by deriving (9) again to ij C as
Substitution of (9) to (10) results in the material tangent stiffness of respective material as Table 2 . 
To give an illustration on performance of the method for isotropic material, the stiffness of Mooney-Rivlin rubber model will be evaluated. The deviatoric-volumetric split of Mooney-Rivlin energy function itself is given as   
NUMERICAL EXPERIMENTS
In order to test the LD-FEM capability simultaneously with respect to in numerical evaluation of material stiffness, a cube with a unit dimension will be used as the test specimen. The cube is meshed in Gmsh using six tetrahedral elements shown in Figure 3 . The material constants for the Mooney-Rivlin model in (12) are 10 c  10 MPa, 10 c  15 MPa, and 10000 MPa. While the cube is fixed in one side, the opposite side is loaded in the three different loading directions, i.e., x, y, and z, which represent tensile, bending and torsion loading, respectively. The simulations are carried out using 10 steps of load increment for each loading case.
Figure 3. The unit cube with six tetrahedral elements visualized in the Gmsh
Simulation results of the cube are then processed using Gmsh (see Figure 4 ). In the figure, deformation compatibility across element edges are apparently observed by the same contour for both uniaxial and torsional loading cases. Hence, the compatibility proves the correctness of LD-FEM computational code with respect to the tetrahedral element formulation. Meanwhile, the implementation of numerical evaluation of stiffness matrix coming from Mooney-Rivlin model shows very good results. Below a stretch of 10% differences between analytical and numerical evaluation on tangent stiffness is not lower than 2 % for each loading case as shown in Figure 5 . In case of uniaxial and torsion loading the error starts growth but in a very slow rate. Thus, for newly developed isotropic material models, the numerical method expressed in (11) can be used as a validation tool for analytical evaluation of material tangent stiffness. For completeness, the future research may consider its implementation to anisotropic materials. 
